The 5' nucleotide sequence of pppApCpGp .... vesicular stomatitis viral RNA is Vesicular stomatitis virus (VSV) is a rhabdovirus which possesses a virion RNA-dependent RNA polymerase (2) . Both in vivo and in vitro studies have shown that this RNA polymerase transcribes the viral genome completely and repetitively to give messenger RNA molecules smaller than, but complementary to, the viral genome (1, 3, 4, 6, 10) . RNA synthesis occurs in a 5' to 3' direction (12) . In vitro analyses have identified four 5' initiation sequences involving pppAp... .or pppGp nucleotides (5, 11) .
Although we do not know how transcription and replication are interrelated, it is of interest to identify the 5' nucleotide sequences of not only the intracellular VSV messenger RNA but also those of the 42S viral and viral complementary RNA. We report here that the sequence of the 5' end of VSV viral RNA is pppApCpGp .... which is one of the sequences found during in vitro transcription product analyses (5, 11) . (1, 9). Virus preparations were purified by polyethylene glycol precipitation followed by sucrose equilibrium gradient centrifugation (10) .
Extraction and purification of labeled RNA. Labeled virus preparations obtained from sucrose gradients were diluted fivefold with 0.15 M NaCl and 0.01 M Tris-hydrochloride buffer (pH 7.4), adjusted to 1% (wt/vol) sodium dodecyl sulfate, and extracted with an equivolume of a mixture of 1 part of chloroform and 4 parts of redistillsd phenol, m-cresol, 8-hydroxyquinoline (500:70:0.5 g, previously saturated with 0.15 M NaCl, 0.01 M Tris-hydrochloride, pH 7.4). The phenol-chloroform phase was reextracted with 0.4 M NaCl, 0.01 M Tris-hydrochloride (pH 7.4) and 1% sodium dodecyl sulfate and the combined aqueous phases were extracted with a fresh chloroform-phenol mixture. After alcohol precipitation, the RNA was chromatographed through a column of 4% agarose suspended in 0.4 M NaCl, 0.01 M Tris-hydrochloride, and 0.1% sodium dodecyl sulfate. The void fractions containing the viral RNA were recovered by alcohol precipitation, dissolved in 0.001 M EDTA (pH 7.4), and stored frozen at -20 C until required.
Alkali and ribonuclease digestion conditions. Alkali digestions were performed by adjusting an RNA sample to 0.33 M KOH and incubating at 37 C for 18 h. Potassium ions were exchanged for hydrogen ions using Dowex-50 [H+ form] ion exchange resin until pH 7 was reached (11) . Ribonuclease A or Tl digestion conditions have been described previously (9, 11, 12) .
DEAE-cellulose chromatography of oligonucleotides. The resolution of nucleotides by DEAEcellulose column chromatography has been described (5, 11, 13) . Nucleotides were quantitatively recovered by ethanol precipitation of their barium salts and quantitatively converted to and recovered as their hydrogen form by use of Dowex-50 [H+ ] ion exchange resin as described previously (11) . Dowex-l-formate resolution of mononucleotides. The resolution of mononucleotides by Dowex-1-formate column chromatography followed the procedure described by Hurlbert et al. (7) . Nucleoside tetraphosphates were recovered from the column by stripping with 88% formic acid.
Base-ratio determinations. Paper electrophoresis at pH 3.5 was employed to determine base ratios of the 'H-labeled nucleoside or 3"P-labeled RNA samples as described elsewhere (11, 12 (9) .
A sample of the ['H]adenosine-labeled RNA digest was resolved by DEAE-cellulose column chromatography together with a pancreatic ribonuclease digest of 3 mg of chicken embryo RNA. The distribution of label relative to the mono-, di-, tri-(etc.) nucleotides is shown in Fig. 1 , indicating that although most of the RNA was digested to mononucleotides, a small fraction of labeled oligonucleotides survived the alkali digestion. Evidently, to identify the terminal nucleotide, residual oligonucleotides would confuse interpretation of the results. It was found that two successive alkali digests were necessary to digest all oligonucleotides and reveal the 5' termInal nucleotide (see below).
Identification of 5' terminal nucleotide of VSV RNA. Mixtures of " P-and 3H-labeled nucleoside VSV were digested with alkali, loaded on DEAE-cellulose, and subjected to chromatography as in Fig. 1 . As soon as the labeled mononucleotides were eluted, the column was stripped by 0.7 M LiCl in 7 M urea buffer, and the resulting eluant fractions were pooled, mixed with 0.1 Mmol each of 2',3'-mixed AMP, CMP, GMP, and UMP nucleotides, and recovered as their barium salts by alcohol precipitation. After exchange of hydrogen for barium, the nucleotides were mixed with 100 Ag of chicken embryo RNA, adjusted to 0.33 M KOH, and redigested for another 18 h at 37 C. Fig. 2 . Only for the adenosine-labeled RNA were 'H counts recovered in the tetranucleotide peak along with the "2P_ labeled material. The recovery of either label relative to the initial amount of labeled RNA was determined and the molar proportions were calculated ( fact that adenosine tetraphosphate is recovered in the tetranucleotide isoplith (i.e., somewhat earlier than its net phosphate charge would predict) has been documented in previous communications (5, 11) .
Identification of the penultimate nucleotide at the 5' end of VSV RNA. A sample of [3H]adenosine-labeled VSV RNA was digested with pancreatic ribonuclease to degrade the RNA at cytidine and uridine residues and the resulting oligonucleotides were resolved by DEAE-cellulose chromatography at pH 8.0 (Fig. 3) . The region of the chromatogram (i.e., the tetra-, pentanucleotides) expected to contain pppApPyp (where Py is a pyrimidine residue) was pooled (5, 11) and a portion was subjected to alkali digestion and chromatographed on DEAE-cellulose. The number of 'H counts per minute obtained in the tetranucleotide peak was equivalent to that expected for a single terminus of pppApPyp in the original digest.
A similar pancreatic digest of "2P-labeled VSV resolved at pH 8.0 was used to give nucleotide pools corresponding to the tetranucleotides, tetra-pentanucleotides, penta-hexanucleotides, or hexa-and larger nucleotides. Each pool was subjected to alkali digestion but only the tetra-pentanucleotides gave a 3p_ labeled pppAp nucleotide upon subsequent alkali digestion (data not shown).
A second portion of the [3H ]adenosinelabeled tetra-pentanucleotide pool (Fig. 3) counts/min of "'P-labeled VSV RNA, (3) 8.0 x 10' counts/min of ['H ]guanosine-labeled RNA plus 8.0 x 10' counts/min of "2P-labeled VSV RNA, or (4) 6.7 x 10' counts/min of ['Hiuridine-labeled RNA plus 7.7 x 10' counts/min of "2P-labeled VSV RNA were treated with two cycles of alkali digestion (Fig. 2) , and the 'H or "P counts per minute recovered in the tetranucleotides were computed. The total nucleotides present in VSV RNA have been determined (11, 200 , reference 10) so that the count equivalent for 1 mol of phosphate obtainable from 1 mol of RNA could be calculated for each digest (taking into consideration the "2P decay during the analysis time course). Likewise on the basis that VSV RNA contains 3,100 adenosine, 3,500 uridine, 2,100 cytidine, and 2,500 nucleotides (10), the count equivalent from 1 mol of adenosine, guanosine, cytidine, and uridine could be calculated after correcting for the tritium exchange (e.g., 48% for each alkali digest for of the tetra-pentanucleotides was obtained. The reason for choosing pH 10 was due to an observation we have made that chromatography of the pppAp nucleotide is affected by pH changes to a greater extent than tetranucleotides obtained by pancreatic ribonuclease digestion. For instance, at pH 7.0 pppAp is eluted after the tetranucleotides, whereas at pH 9.0 it elutes before the tetranucleotides, as canw be seen in one of the chromatograms (Fig. 4) in which a batch of urea buffer possessing a pH of 7.8 was used.
A mixture of :p-and ['H icytidine-labeled VSV RNA was subjected to pancreatic ribonuclease digestion and the tetra-pentanucleotides were recovered and chromatographed at pH 10.0 (Fig. 4) . Of the various peaks resolved by the pH 10.0 chromatography, only the pool 2 nucleotides gave a "2P-labeled pppAp upon subsequent alkali digestion (Fig. 4) . Although the alkali digest contained labeled pppAp and (presumably) 'H-labeled CMP in equimolar proportions, there were evidently more 32p_ labeled mononucleotides than expected (the ""P-labeled pppAp to 3"P-labeled mononucleotide ratio was 4:3). Did these mononucleotides contain 32P-labeled UMP in molar equivalent proportions to the pppAp? To answer this question, the alkali digest of the pool 2 nucleotides was chromatographed on Dowex-1-formate ion exchange resin, the CMP, AMP, GMP, UMP, and pppAp were resolved, and the label therein was computed (Table 3) . Very little "2P-labeled UMP was detected, although a molar equivalent of "2P-labeled CMP was present. Consequently, the 5' terminal nucleotide sequence was deduced to be pppApCp.... (Fig. 3) were digested with alkali, neutralized, mixed with 2 Mmol each of 2',3'-mixed mononucleotides (CMP, AMP, GMP, and UMP), and resolved by Dowex-1-formate column chromatography. The elution and identification of the mononucleotides were monitored by their absorbance at 280 and 260 nm and the counts per minute content was computed. The column was stripped by 88% formic acid to recover the pppAp. 
